The present experiment was carried out to assess the general combining ability (GCA) and specific combining ability (SCA) of seven important commercial cultivars of Vicia faba L. of faba bean and their 21 F 1 and F 2 generations. The data were analyzed using Griffing's Model I Method II. Significant differences were found for all traits evaluated. Combining ability analysis of variance revealed significant differences for GCA and SCA effects among the parents and hybrids for almost all traits. The results suggested the presence of additive and non-additive gene action for almost all of the traits. The results (G.C.A) for seven parents revealed that the commercial variety Nubaria 3 had significant and positive G.C.A effects for 50% flowering, days to maturity and plant height, while the variety Giza 2 showed significant and negative G.C.A. effects for number of branches/plant, seed yield/plant, number of pods/plant and 100 seed wight. The good combiners for earliness was the parent Giza 716 and Giza 2, while for seed yield/plant and number of pods/plant was the parent Misr 3, But the parent Giza 843 was considered as the best combiner for number of branches/plant. Estimates of (S.C.A.) effects revealed that significant SCA effects were observed for some crosses. Moreover, the best combinations were (Nubaria 3 x Giza 2) for 50% flowering and number of pods/plant. (Giza 843 x Misr 3) for Days to maturity, seed yield/plant and wight 100 seed /plant. (Nubaria 3 x Giza 843) for number of branches/plant, (Sakha 3 x Giza 402) for plant height.. It can be concluded that possibility of use the superior crosses for improving faba bean traits by breeding processes and selection in sequent generations
INTRODUCTION
Faba bean (Vicia faba L.) is the important legume crop in the world. And it is the most important source of plant protein for both human and animals in the Mediterranean area. In addition, faba bean is one of the most efficient fixers of the atmospheric nitrogen fertility through bidogical N 2fixation. Faba bean is a self-pollinating plant with significant levels of out-cross and inter-cross, ranging from 20 to 50% depending on genotype and environmental effect (Suso and Moreno, 1999) . The genetic improvement of crop desired traits depends on the nature and magnitude of genetic variability and interactions involved in the inheritance of these traits which can be estimated using diallel cross technique (Ibrahim, 2010) .
Information on heterosis and combining ability helps the breeders to choice of suitable parents. Generally, combining ability analysis is associated with additive effects of genes while SCA is attributed primarily to non-additive (dominance and epistasis) genes. Also, identification of gene action such as additive, dominance and epistatic effects are very important for any breeding program. In addition, heritability estimates and the magnitude of the genetic variability for the different traits are very useful to identify the best progenies. Therefore, the breeder should evaluate the potentialities of the available germplasm for new recombination's and eventually combining ability which have proved to be of considerable use in breeding methods. The objectives of this investigation were to study:
Mean performance of faba bean hybrids, estimate the general and specific combining abilities, heritability, and quantify the types of gene action for earliness and yielding ability in some faba bean crosses.
MATERIALS AND METHODS
This investigation was carried out during three winter growing seasons; 2016/2017, 2017/2018 and 2018/2019 . The three seasons were performed in the Agricultural Experimental Farm of Al-Azhar University (Assiut branch). Seven genetically diverse genotypes of faba bean (Vicia faba L.) wildly different in their agronomic characters were used as parental varieties in this study. The description and origin of these genotypes is shown in Table (1).
In the (2016/2017) season, the seven parental genotypes were sown in a field in two planting dates with two weeks apart to obtain enough flowers for crossing. Parents were crossed in all possible combinations except reciprocals to produce 21 F1 hybrids. These parents were crossed again in (2017/2018) season to obtain more hybrids seeds (F1's) for all combinations. Also, the (F1's) seed were left to give the F2 seeds.
In the (2018/2019) season, The forty nine genotypes (seven parents and twenty one for both F1 and F2) were sown in a Randomized Complete Block Design (R.C.B.D) with three replications. Planting was carried out on 30 October (2018). Plants were grown on rows, 3 m long and 60 cm apart, in single seeded hill spaced at 20 cm. Each parent was represented by two rows/plot, while Fl hybrid was represented by two row/plot and each F2 cross was represented by four rows/plot. The agriculture practices of irrigation, fertilization, used as recommended for faba bean production. The data were recorded on the mean of ten guarded plants/plot for both of parents and F1 hybrids, and thirty guarded plants for F2 generation. The following characters were measured as follows: 
Statistical analysis:
Statistical analysis was made on an entry mean basis. The variation among parents, F 1 and F 2 crosses was partitioned into general and specific combining abilities as illustrated by Griffing (1956) 
Heterosis estimates:
Heterosis values was made according to (Halluer and Miranda, 1981) .
A)-Heterosis from the mid-parent:
Heterosis was determined as the percentage of increase or decrease of F 1 , s means over the average of its parents(M.P):
)-Heterosis from the better-parent:
It was also determined as the percentage of increase or decrease of F 1 mean over the better parent (B.P):
Heterosis % = 100 . 
RESULTS AND DISCUSSION
The mean of the seven parental cultivars and their 21 for F 1 and F 2 hybrids were estimated for all the studied traits and the results are presented in Tables (3) and (4).
Mean performance of the studied parental cultivars ranged from 46 -53 (P 1 -P 3 ); 144.33 -153.33 (P 1 -P 2 ); 134.2 -157.00 (P 5 -P 6 ); 3.03 -4.67 (P 2 -P 6 ); 18.73-30.6 (P 4 -P 7 ) ; 54.67 -83.67 (P 4 -P 7 ); 73.67 -93.33 (P 4 -P 1 ) for 50% flowering, date maturity, plant height, number of branches/plant, number pods/plant, seed yield/plant and 100 seed wight respectively. Meanwhile, means of F 1 hybrids were extended with a range 46.67 for cross (P 3 x P 6 ) and (P 5 x P 6 ) -52.33 for cross (P 1 x P 7 ); 141.67 for cross (P 1 x P 5 ) -152.67 days for cross (P 1 x P 2 ); 136.47 cm for the cross (P 6 x P 7 ) -159.33 cm for the cross (P 3 x P 4 ); 2.77 for cross (P 2 x P 3 ) -5 for cross (P 5 x P 7 ); 19.2 for cross (P 1 xP 4 ) -30.93 for cross (P 4 x P 7 ); 59.67 gm for cross (P 1 x P 7 ) -80.33 gm for cross (P 6 x P 7 ) and 74.67 for the cross (P 2 x P 7 ) -91.67 for the cross (P 4 x P 5 ) for the above-mentioned traits, respectively. Meanwhile, means of F 2 hybrids were extended with a range 45.33 for cross (P 5 x P 7 ) -51.33 for cross (P 3 x P 6 ) ; 144.33 for cross (P 6 x P 7 ) -151.67 days for cross (P 2 x P 3 ); 136 cm for the cross (P 1 x P 6 ) -160.8 cm for the cross (P 3 x P 7 ); 3 for cross (P 4 xP 6 ) -5.07 for cross (P 5 x P 7 ); 19.07 for cross Giza 716 x Misr 3 (P 1 x P7) -29.47 for crosses (P 6 x P 7 ); 55.33 gm for cross (P 2 X P 6 ) -85.33 gm for cross (P 6 x P 7 ) and 75.67 gm for the cross (P 4 xP 5 ) -92.33 gm for the cross (P 3 x P 5 ) for 50% flowering, date maturity, plant height, number of branches/plant, number pods/plant, seed yield/plant and 100 seed wight, respectively. 
Combining ability:
Mean squares due to both general (G.C.A) and specific (S.C.A) combining ability Table (5) were highly significant for all characters studied, indicating the importance of both additive and non-additive genes effects in the inheritance of these characters. The ratio of G.C.A / S.C.A for F 1 and F 2 hybrids decreased from unity for all characters suggesting that non-additive type of gene action was more important in the inheritance of these trait or appeared to be under the central of epistatic effect. 
A-General combining ability:
Estimates of GCA effects (gi) Tables (6), (7) for F 1 and F 2 generations showed that. Giza 716 (P 1 ) had positive and highly significant G. In F 1 and F 2 generations showed that the P 1, P 2 , P 3 , P 4 , P 5, P 6 and P 7 were very good combiner parents for (50% 
B-Specific combining ability:
Specific combining ability effects of F 1 and F 2 generations are show in Tables (6) and (7). Concerning 50% flowering, hybrid Giza 716 x Misr 3 highest significant and positive SCA value in both generation. while The crosses Nubaria 3x x Misr 3 in F 1 and Giza 716 x Sakha 3 in F 2 had lowest significant and positive SCA. On the other hand , the crosses Nubaria 3 x Giza 843,Giza 402 x Misr 3 in F 1 and Sakha 3x Giza 843 in F 2 had significant and the highest negative SCA effect and it could be considered the most desirable cross for improving early flowering. In the F 1 and F 2 generations, the crosses Giza 716 x Nobarea 3 and Giza 2xGiza 402 had the lowest negative SCA value respectively. The present results confirm the finding of Saad et al.(2015) , Obiadalla-Ali et al (2013) .
Regarding to date maturity for F 1 and F 2 generation showed that the hybrids Giza 716 x Giza 402, Nubaria 3 x Giza 2, Giza 2 x Giza 402, Giza 843 x Misr 3 and Sakha 3 x Giza 843 in F 1 generation and the crosses Sakha 3 x Giza 402, Giza 843 x Misr 3, Giza 2x Giza 843 and Giza 2 x Misr 3 in F 2 generation exhibited highly significant and negative SCA effects. While, Giza 716 x Giza 843 was highly significant and positive GCA effects in both generations. The present results confirm the finding of Yamani (1998) , Salama and Mohamed (2004) and Mourad et al.(2011) . 1.03 -1.29* 3.85** -6.28** -1.13 -1.05 P6XP7 -2.9** 3.57** 10.81** 6.28** 6.39** 3.92** L.S.D5% For plant height, Giza 843 x Misr 3 crosses showed highly significant and negative SCA values in both generations. In the F 1 the crosses Sakha 3 x Giza 402,Giza 716 x Giza 402 and Sakha 3xMisr 3 had the highly significant and positive SCA values. While, the crosses Nubaria 3xMisr 3 and Giza 402xMisr 3 showed highly significant and positive SCA values in F 2 . Therefore, the cross Giza 402 x Misr 3 could be considered as the best combination for plant height. Similar results were reported by Attia (2002) , Darwish et al. (2005) , Haridy et al (2009 ), Abd El-Aty et al. (2016 , Abdalla et al.(2017b) and Soad et al.(2018) .
Concerning number of branches/plant, Estimates of SCA effects Table (6) for F 1 and F 2 generations showed that the hybrids Sakha 3 x Giza 843, Giza 2 x Misr 3, Giza 402 x Misr 3, and Giza 716 x Sakha 3 in the F 1 generation and the hybrids Nubaria 3 x Giza 843 , Nubaria 3 x Giza 402 and Sakha 3 x Giza 2 in the F 2 generation exhibited highly significant positive SCA effects. While, the crosses Giza 843 x Misr 3 in F 1 and Giza 2 x Giza 843 in F 2 showed the highest negative SCA value . The crosses Sakha 3 x Giza 843 and Nubaria 3 x Giza 843 could be considered the best combinations for number of branches/plant in F 1 and F 2 generations respectively. The results were in agreement with those obtained by Yamani. (1998) and Haridy et al. (2009) .
For Number of pods/plant , Estimates of SCA effects, Table (7) for F 1 and F 2 generations showed that cross Giza 2 x Misr 3 and Sakha 3 x Giza 2 exhibited the highest positive SCA value in the F 1 and F 2 generations, respectively. The cross Sakha 3 x Giza 2 could be considered the best combination for number of pods/plant in both generations.
For seed yield/plant, Estimates of SCA effects Table (7) the crosses Giza 716 x Sakha 3, Sakha 3 x Giza 2 showed the highest significant and positive SCA values and recorded 16.7 and 10.4 for F 1 and F 2 generations, respectively. On the other hand, the cross Giza 716 x Misr 3 in both generations showed the highest significant negative SCA values and recorded -12.03 and -13.03, respectively. Thus the crosses Giza 716 x Sakha 3 and Sakha 3 x Giza 2 could be considered the best combinations for seed yield/plant in both generations.
For 100 seed wight Estimates of SCA effects, Table  ( 7) for F 1 and F 2 generations. In the F 1 hybrids, the cross Giza 2 x Giza 402 showed the highest positive SCA value, while the cross Giza 2 x Giza 843 had the lowest one and the cross Sakha 3 x Misr 3 showed the highest negative SCA value, while the cross Nubaria 3 x Misr 3 had the lowest one. In the F 2 generation, the cross Nubaria 3 x Giza 402 showed the highest positive SCA value, while the cross Giza 402 x Giza 843 had the lowest one, and the cross Giza 2 x Giza 402 showed the highest negative SCA value.
Heterosis:
Data in Table ( 8),(9) showed that there were significant values for the heterosis over mid and better parent for all studied traits, indicating that heterosis played an important role in the inheritance of these traits. For 50% flowering (P 1 xP 7 ) and (P 6 xP 7 ) showed highly positive significant values for heterosis over mid parents. Highly positive significant value for heterosis over better parent were found in (P 1 xP 3 ), (P 1 xP 7 ) and (P 1 xP 5 ). For Date maturity (P 1 xP 2 ), (P 1X P 3 ) and (P 1 xP 6 ) showed highly positive significant values for the heterosis over mid parent and better parent. (P 1 xP 5 ), (P 2 xP 4 ), (P 2 xP 5 ) and (P 2 xP 7 ) had desirable highly positive significant values for the heterosis over mid and better parent for Plant height. (P 3 xP 7 ), (P 4 xP 7 ) and (P 5 xP 7 ) had desirable highly positive significant values for the heterosis over mid and better parent for Number of branches/plant. For Number of pods/plant (P 2 x P 5 ) and (P 5 xP 6 ) had desirable highly positive significant values for the heterosis over mid and better parent. For Seed yield/plant (P 1 xP 2 ) and (P 4 xP 5 ) had desirable highly positive significant values for the heterosis over mid and better parent. For 100 seed wight /plant (P 4 xP 5 ) and (P 6 xP 7 ) had desirable highly positive significant values for the heterosis over mid and better parent. These findings are in accordance with those of Alghamdi et al. (2009) 
